Ficoll-purified lymphocytes (peritoneal, splenic, or thymic) and macrophages (peritoneal) from Toxoplasma-immune and normal female NMRI mice were used. Suspensions of washed cells were made in medium 199 containing 20% heat-inactivated normal calf serum. Sixty minutes after the adherence of 105 macrophages to cover slips in Leighton tubes, lymphocytes were added in various concentrations. The mixed cellular population was then incubated at 37 C. Eighteen hours later, most of the lymphocytes were firmly attached to macrophages to form rosettes. This cellular interaction, which was temperature, cell ratio, and time dependent, occurred in the absence of any particular antigenic stimulation. Moreover, the reaction was cytotoxic only for adhered lymphocytes as judged by staining with 0.2% trypan blue. Splenic and thymic lymphocytes were bound in significantly greater number than peritoneal lymphocytes. Incubation of macrophages for more than 48 h at 37 C before the addition of fresh lymphocytes markedly reduced rosette formation. Treatment of macrophages and lymphocytes with mouse anti-immunoglobulin did not affect the reaction. The labeling of lymphocytes with fluorescent anti-mouse sera and the use of nude NMRI mice showed that both B and T cells can form spontaneous rosettes with syngeneic peritoneal macrophages.
Previously, we reported on the role of immune macrophages during acquired immunity against Toxoplasma gondii in mice (11) . Further studies on the in vitro activation of peritoneal macrophages by splenic lymphocytes have shown that a spontaneous interaction occurs between these two cell types in the absence of relevant antigen.
The present paper reports some particular aspects of this nonimmune cellular interaction in vitro.
MATERIALS AND METHODS Animals. Toxoplasma-immunized (10) and normal unimmunized female NMRI mice, weighing between 20 and 25 g, were used throughout this study. Nude female NMRI mice were also used. Culture medium. Unless specified otherwise, medium 199 (Flow Laboratories, U.K.) containing antibiotics (50 U of penicillin and 50 ,ug of streptomycin per ml) was supplemented with 20% heat-inactivated calf serum (Gibco, Grand Island, N.Y.).
Macrophage monolayers. Mice were killed by cervical dislocation. The peritoneal cavity was washed with 5 ml of medium. The cellular suspension collected from three to four mice was adjusted to 10) macrophages/ml. Aliquots of 1 ml were then layered onto cover slips in Leighton tubes and incubated at 37 C. The supernatant was discarded and the monolayers were washed thrice with saline just before the addition of lymphocytes.
Lymphocytes. After collection of the peritoneal cells, the thymus and spleen were removed from the mice. These organs were squeezed separately through a stainless-steel mesh (Falcon Plastics, Oxnard, Calif.) into 10 ml of medium 199 contained in a petri dish (diameter, 5 cm). Lymphocytes were isolated by centrifugation of the cellular suspensions on a sodium metrizoate-Ficoll solution, density 1.077 g/ml (Lymphoprep; Nyegaard & Co., Oslo, Norway), at 1,600 rpm for 15 min. After two washes, lymphocytes were resuspended in culture medium and were then added to macrophage monolayers in various concentrations. In some experiments, peritoneal lymphocytes were also purified by centrifugation of the peritoneal washing fluid on Ficoll as described above. All the centrifugation procedures were performed at 4 
RESULTS
Lymphocyte-macrophage interaction. After 18 h at 37 C, the appearance of the culture when 8.10" splenic lymphocytes were in contact with 105 syngeneic peritoneal macrophages is represented in Fig. 1 . Almost all the macrophages were surrounded by several lymphocytes to form rosettes. Adhered lymphocytes, which were typical small lymphocytes, were in close contact with macrophages. This cellular interaction was observed with cells taken from normal as well as Toxoplasma-immune mice.
Variations of lymphocyte-macrophage ratio. The effect of varying the number of lymphocytes on rosette formation when the number of macrophages was kept constant (10'/ml) is shown in Fig. 2 . The percentage of rosettes rose exponentially as the concentration of lymphocytes was increased. An optimum was reached with a lymphocyte/macrophage ratio of 80:1; few rosettes were formed (<5%) when the ratio was below 10:1. Because 5.10" added lymphocytes provided representative results, this cellular concentration was used for all further experiments.
The immune status of the cells involved in the reaction did not greatly influence the phenomenon. Thus, Toxoplasma-immune cells were as capable of forming rosettes as normal cells in the absence of specific antigen; in fact, the two curves were quite similar. Furthermore, the combination of normal lymphocytes with immune macrophages and vice versa gave identical results (Table 1 (Table 2) revealed that the majority of macrophages (>90%) remained viable throughout the observation period irrespective of whether lymphocytes were bound to them. In contrast, after 18 h of lymphocyte-macrophage contact, only 36% of adhered lymphocytes as compared with 67% of free lymphocytes excluded trypan blue.
Kinetics of the phenomenon. The percentage of rosettes increased as the time of lymphocyte-macrophage contact was prolonged (Fig.  3) . It reached 30 and nearly 80%, respectively, after 2 and 18 h of incubation at 37 C. However, a more extended culture period decreased the number of lymphocytes bound to macrophages; after 54 h of cell contact, only about 6% of rosettes remained. This was probably due to the disappearance of lymphocytes from the culture because of their death. In fact, whereas the number of lymphocytes was markedly reduced after the 54th h, the density of the macrophage monolayers and their viability remained practically unchanged.
Influence of variations in cell cultures conditions. The length of the macrophage culture period before the addition of lymphocytes markedly affected the number of rosettes formed (Table 3) . Lymphocyte-macrophage interaction decreased as the period of macrophage culture before adding lymphocytes was lengthened. Thus, after 8 days of in vitro cultivation, macrophages were almost completely unable to form rosettes with fresh added lymphocytes despite the fact that there was no change in viability of the macrophages in the monolayers. Whether their metabolic activity was modified after this prolonged culture has not been determined. The possibility that membrane turnover may have occurred during this period and that the new membrane lacked the necessary receptors for rosetting, be they adsorbed or constitutive receptors, should be considered.
Lymphocyte-macrophage interaction was a temperature-dependent phenomenon. The percentage of rosettes formed after 18 h of cell contact was markedly less at 4 C than at 37 C (Table 3) . However, the viability of the cells was not affected by the cold treatment.
To determine the influence of the supplemented serum on rosetting, lymphocytes and macrophages were mixed in medium to which heat-inactivated native or gamma globulin-free calf serum was added in various concentrations. In all cases, there was no significant modification in the percentage of rosettes formed ( Table 3) .
Treatment of cells with anti-mouse immunoglobulin. Macrophage monolayers and lymphocytes were treated with a 10% anti-mouse immunoglobulin solution and then washed thrice before being mixed together. Such a treatment did not influence the formation of rosettes or the number of lymphocytes bound to macrophages (Table 4) . With lymphocytes labeled with fluoresceinconjugated anti-mouse immunoglobulin and using a fluorescence microscope, it was observed that: (i) adhered lymphocytes were of two types, one bearing surface immunoglobulin and the other lacking it; (ii) the fluorescent polar cap formed on lymphocytes was not always in direct contact with the macrophage membrane; (iii) the ratio of adhered lymphocytes with and without surface immunoglobulin was about 1:1; and (iv) some lymphocytes were present within the macrophages but still retained their surface fluorescence.
Rosette formation by lymphocytes from different sources. The ability of lymphocytes from different sources to form rosettes spontaneously with syngeneic peritoneal macrophages was investigated next. Peritoneal, splenic, and thymic lymphocytes from normal or Toxoplasma-immune mice were reacted with syngeneic peritoneal macrophages. In most instances, splenic lymphocytes from nude NMRI female mice (nu/nu) were used as a source of B cells. Whereas syngeneic peritoneal lymphocytes formed but few rosettes (about 3%), splenic and thymic lymphocytes possessed a high and essentially equal capacity to form rosettes (>80%) ( Table 5 ). These observations confirm the results mentioned above with the fluorescein anti-immunoglobulin labeling method.
DISCUSSION
The present findings show that an interaction between lymphocytes and syngeneic peritoneal macrophages from mice occurred spontaneously in vitro, in the absence of any known antigenic stimulation.
Examination of the cellular preparations with a vital dye showed that this cell interaction was cytotoxic for adhered lymphocytes but not macrophages. One could suppose that once dead, lymphocytes behave like simple inert particles and their adherence to living macrophages is the first step in phagocytosis. However, as early as 4 h after the addition of lymphocytes to macrophage monolayers, more than 40% of rosettes had formed even though almost all of the adhered lymphocytes at this time excluded trypan blue. Furthermore, even after 18 h of lymphocyte-macrophage contact and despite the great proportion of dead lymphocytes adhered to macrophages, only a few lymphocytes were located within phagocytes; for these reasons, it seems unlikely that the cellular interaction described was limited to dead or dying cells and represents the process of phagocytosis by macrophages. Instead, the marked cytotoxicity for the adhered lymphocytes seems to oc-VOL. 13, 1976 on August 27, 2017 by guest http://iai.asm.org/ Downloaded from (2, 4, 9) .
The inability of peritoneal lymphocytes to form rosettes with syngeneic peritoneal macrophages noted in the present study has been mentioned by Siegel (9) , who used guinea pig lymphocytes and syngeneic peritoneal macrophages. The reason for this lack of binding ability of peritoneal lymphocytes is not clear. It cannot be assumed that this was due to the fact that peritoneal lymphocytes are principally T cells (7) because, as is shown below, both T and B cells are capable of rosetting with syngeneic peritoneal macrophages.
Labeling of lymphocytes with fluorescein anti-mouse immunoglobulin revealed that immunoglobulin-bearing lymphocytes were as capable of forming rosettes as cells devoid of detectable surface immunoglobulin. These cells have been shown by others to correspond to B and T lymphocytes, respectively (7, 8) . That both T and B cells are capable of forming rosettes was confirmed by the observation that the percentage of rosettes formed was the same irrespective of whether thymic lymphocytes (T cells) from normal or Toxoplasma-immune mice or splenic lymphocytes from nude mice (B cells) were used. Since T and B cell preparations appeared to possess the same ability to bind spontaneously to syngeneic peritoneal macrophages, it seems reasonable to think that this property, the biological significance of which is still unknown, is held independently by these two cell types rather than being the result of cooperation between them. However, it is of interest to note that this rosetting phenomenon is morphologically very similar to the rosetting that accompanies antigen-mediated cellular cooperation during the immune response (1, 3, 12) .
